Abstract: While bitter manioc has been one of the most important staple crops in the central Amazon for thousands of years, there have been few studies of its cultivation in the fertile whitewater landscapes of this region. Anthropological research on bitter manioc cultivation in the Amazon has focused almost exclusively on long-fallow shifting cultivation in marginal upland areas of low soil fertility. This has contributed to the persistence of the oversimplified notion that because bitter manioc is well adapted to infertile upland soils; it cannot yield well in alluvial and/or fertile soils. I hypothesized that bitter manioc cultivation would be well adapted to the fertile soils of the whitewater landscapes of the central Amazon because of the centrality of this crop to subsistence in this region. In this article, I examine one such whitewater landscape, the middle Madeira River, Amazonas, Brazil, where smallholders cultivate bitter manioc on fertile Amazonian Dark Earths (ADE) and floodplain soils, and on infertile Oxisols and Ultisols. In this region, cultivation on fertile soils tends to be short-cycled, characterised by short fallowing (0-6 years) and shorter cropping periods (5-12 months) with a predominance of low starch fast maturing "weak" landraces. By contrast, cultivation on infertile soils is normally long-cycled, characterised by longer fallows (>10 years) and longer cropping periods (1-3 years) with a predominance of high starch slow maturing "strong" landraces. This diversity in bitter manioc cultivation systems (landraces, fallow periods, soils) demonstrates that Amazonian farmers have adapted bitter manioc cultivation to the specific characteristics of the landscapes that they inhabit. I conclude that contrary to earlier claims, there are no ecological limitations on growing bitter manioc in fertile soils, and therefore the cultivation of this crop in floodplain and ADE soils would have been possible in the pre-Columbian period.
Introduction
Manioc (Manihot esculenta Crantz) has been the single most important staple carbohydrate energy source to Amazonian peoples for thousands of years [1] [2] [3] [4] [5] [6] . Manioc varieties are classified as either bitter or sweet, depending on cyanogenic glucoside content. Bitter varieties require detoxification for consumption, but yield well in poor, acid soils, have a high starch content, and are more resistant to pests and pathogens. Sweet varieties can be eaten roasted or boiled with no need for detoxification, but they are more vulnerable to attack from pathogens, insects and mammals, yield less starch and require better soils [7, 8] . It has been argued that sweet manioc is more appropriate for more mobile groups and bitter manioc is more suited to sedentary populations [7] . The majority of people living in rural areas of the Brazilian Amazon today are sedentary and culturally inclined to consume manioc in the processed form farinha (toasted flour) which, combined with fish, forms their staple diet [9] . Bitter manioc-the most commonly cultivated of the two-is the staple in many parts of the Amazon basin, along the courses of the major rivers in Eastern, Central and Northwestern Amazonia and in the wider Neotropical lowlands (the Orinoco basin, the Guianas). There are some important exceptions to this pattern; in parts of Western Amazonia and on the Southern periphery; sweet manioc predominates. Sweet manioc is a staple throughout the headwaters of all the major southern tributaries, as well as the Solimões. Only the upper Negro River is an exception [4, 5, 10] . Recent research has confirmed that both sweet and bitter manioc evolved from a single domestication event of the wild subspecies Manihot esculenta subsp. flabellifolia in Southwestern Amazonia [11, 12] .
This article addresses the on-going controversy surrounding ecological limitations on bitter manioc cultivation in the Amazon basin. The notion that there are ecological limitations on manioc production can be traced to the theory of "Tropical Forest Culture" elaborated from the 1950's onwards by Julian Steward, Betty Meggers and colleagues [6, [13] [14] [15] [16] [17] . In this form of environmental determinism, the highly infertile soils of the lowland Neotropics posed an insurmountable barrier to cultural evolution: "The periodic exhaustion of the soil by manioc produces a semi-nomadic tribal life" [17: p. 19] . In other words, shifting cultivation forces people to keep moving with their fields, and precludes the formation of sedentary, hierarchical societies. In the early 1980's however, Robert Carneiro's study of manioc cultivation by Kuikuru Indians in the upper Xingu region demonstrated that, far from being constrained by poor soils, the Kuikuru produce a reasonably comfortable surplus of manioc flour each year, enough to enable them to absorb even "catastrophic" losses of manioc plants [18] . He asserted that in pre-Columbian times, similar forms of manioc cultivation could have supported larger populations. Archaeological work has since revealed that settlements more than ten times the size of contemporary villages existed in the Upper Xingu region in the pre-European period [19] [20] [21] [22] [23] .
Whitewater rivers carrying nutrient rich sediments originating in the Andes [24, 25] , are especially amenable to human inhabitation owing to their provision of fertile floodplain soils and a superabundance of aquatic protein [3, 6, 26, 27] . Meggers recognized the potential of regions with whitewater floodplains to support larger populations, but she concluded that unpredictable flood regimes rendered their fertile soils too unstable to support cultural efflorescence and large sedentary occupations [6] . Donald Lathrap and later Anna Roosevelt both argued contra Meggers that intensive agriculture and fishing in whitewater landscapes could have supported the development of autochthonous Amazonian Chiefdoms [3, 27, 28] . Recent archaeological work has demonstrated the presence of large, sedentary occupations in central floodplain regions [29] [30] [31] [32] [33] .
Despite her criticism of Meggers, Roosevelt endorsed Meggers' assertion of ecological limitations on agricultural potential of the Amazon terra firme, in the sense that "sustained yield intensive cultivation of major Amazonian tropical forest soils is not possible with aboriginal methods". [34: p. 79, my emphasis]. Furthermore, Roosevelt then inverts Meggers' theory of ecological limitation in the context of bitter manioc cultivation. Roosevelt argued that because bitter manioc is so well adapted to yield in highly weathered and nutrient poor Oxisols and Ultisols of the uplands that it cannot yield well in fertile and/or alluvial soils [34: pp. 119-139] . This ecological limitation thesis rests on two major claims. The first is that because manioc is highly adapted to conditions of seasonal drought and water conservation, it does not perform well in the humid soils of the floodplain [e.g., 35 ]. The second is that because manioc is adapted to produce calories in acid, aluminium-rich nutrient-poor soils, when planted in fertile soils the production of leaves and stems increases at the expense of the development of tuberous roots, thereby reducing calorie production. These notions lead to the assumption that bitter manioc is best suited to long fallow shifting cultivation on poor upland soils [36] , and that maize would be the focus of cultivation in floodplain [6, 34] .
The majority of anthropological studies of bitter manioc farming in the Amazon have almost exclusively focused on long-fallow shifting cultivation in the poor soils of marginal upland environments, by surviving Amerindian populations [e.g., 18, 37, [38] [39] [40] [41] [42] [43] [44] . This is because social and cultural anthropologists tend to study Indians, who today usually live in peripheral areas where they have avoided the most destructive effects of European contact. These environments are located on the periphery of Amazonia (the Guianas, the Orinoco, the Upper Xingu and the Upper Negro). This research bias is largely owing to the fact that most extant Amerindian people have survived by virtue of their migration to remote interfluvial regions [45] , or because they are trekking populations who have always kept to the uplands [46] . The pattern of small-scale Amerindian groups cultivating bitter manioc in upland interfluvial regions observed today is in a large part a post-conquest adaptation [45] .
A good proportion of bitter manioc cultivation has taken place in the rich whitewater landscapes of the Central Amazon, which were among the most heavily populated environments during the late preColumbian period and are consequentially the areas with the largest (up to 50 ha or more) and most abundant Amazonian Dark Earth (ADE) sites [32, 47, 48] . ADE are fertile anthropogenic (man-made) soils, whose formation is a legacy of Amerindian settlement patterns, mostly during the late preColombian period (2000-500BP) [49] [50] [51] . Still highly fertile hundreds or several thousand years after formation, ADE are found today at archaeological sites throughout the Amazon basin [30, 32, 52, 53] . Contemporary populations in the region do produce analogous soils, albeit at a much more limited scale [54] [55] [56] [57] [58] . The formation of ADE involves "biochar" wherein charred organic material is added to soils [59] , along with the deposition of diverse organic refuse [58] . This initiates a set of biological and chemical processes that lead to increased soil organic matter, microbial activity, cation exchange capacity, pH and nutrient retention, all of which are beneficial for agriculture [60] [61] [62] . ADE are generally split into two classes, terra pretas, which formed at sites of habitation, and terras mulatas, the sites of agricultural fields. The genesis of terras pretas lies in different practices of waste disposal; the burning of diverse refuse including fish, turtle and animal bones, palm fronds and weeds. Over time, dark brown or black anthropic soils form. This has been termed the 'midden model' of ADE formation, the standard scientific explanation for the origin of these soils [63] . Terras mulatas, less well documented and therefore more contentious, are thought to have formed through intensive agriculture involving "cool" burning and mulching. This is the agricultural model of ADE formation [64] . These soils have been found adjacent to some terra preta sites. They are less nutrient rich and light brown or greyish in color [5] .
ADE sites are the most durable evidence that there were large sedentary populations in these central whitewater regions in the late pre-Columbian period [31, 52] . William Denevan argued that settlements located on the terra firme bluffs in whitewater regions would simultaneously cultivate fertile but unstable and limited floodplain zones and the terra firme bluff areas that were safe from flooding but located on (initially) infertile soils [65, 66] . Denevan recognized that large-scale bluff settlements could not have been supported only by seasonal floodplain cultivation and so proposed a combined model. In Denevan's bluff model, people therefore would have pursued a dual strategy of floodplain (river and lake) and terra firme cultivation and resource use. Denevan contends that bluff cultivation would have been semi-permanent, intensive with nutrient additions and short fallowing and could have created terra mulata [65] [66] [67] [68] . Denevan's bluff model strengthens Lathrap's earlier argument by answering Meggers' contention that the floodplain alone is too unstable an environment to support larger settlements [69] . While Denevan's model is persuasive, studies of manioc cultivation in the floodplain are scarce [but see 70, 71] , and "evidence for intensive agriculture [on ADE] is largely inferential" [65: p. 113 ].
This article aims to contribute to the on-going debate surrounding ecological limitations in Amazonia by addressing the question of whether productive bitter manioc cultivation is possible in richer soils. Given that bitter manioc cultivation has long been central to subsistence in rich whitewater landscapes that feature fertile floodplain and ADE soils, as well as infertile Oxisols and Ultisols, I hypothesized that we should expect to find bitter manioc landraces and cropping systems that are adapted to cultivation in both fertile and infertile soils in these regions. The purpose of this article is to begin to fill the knowledge gap left by the lack of studies of traditional agriculture on fertile soils. The first studies that described bitter manioc cultivation in ADE appeared to support the second claim of the ecological limitation thesis. In the Brazilian Amazon, farmers reportedly claimed that while stems and foliage grow vigorously, tuber development is poor [72] [73] [74] [75] [76] [77] [78] . As I have argued elsewhere, the conclusions of these studies were premature, owing to their being conducted in regions where historical ecology has constrained agriculture (e.g., the Lower Negro), or in peri-urban regions with roads and commercial agriculture (the middle Amazon near Manaus and Itacoatiara) [47, 48] .
This article focuses on the middle Madeira River, Amazonas State, Brazil. Today it is inhabited by Caboclos, a people of diverse and heterogeneous origins that emerged through the process of European conquest of the Amazon and subsequent migrations driven by the extraction of forest products [79] . Bitter manioc is the primary staple source of carbohydrates for Caboclos living traditionally in rural areas of Amazonia, and the sale of manioc flour (farinha) is often an important source of income for them [9] . On the middle Madeira, market access is restricted because it is distant from the nearest large cities, Manaus and Porto Velho, and currently has no roads linking it to them. The major economic actors are large ferries travelling up and down the river linking these two cities. Traditional forms of horticulture are still predominant in the region. Caboclos have appropriated the major pre-Columbian modes of subsistence, and some of the skills associated with them that were practiced by Amerindian peoples. It is in such subsistence activities, primarily the cultivation of bitter manioc and the practices of fishing and hunting, but also in the cultivation of agroforests and kitchen gardens, and the extraction of forest products, that there is most continuity between post and pre-Columbian lifeways. The middle Madeira is a whitewater landscape with wide floodplains, abundant bluff-edge ADE sites, with Oxisols and Ultisols forming the terra firme background soils. Bitter manioc cultivation takes place in all of these soil types. The region therefore provides a perfect setting to investigate bitter manioc cultivation in different ecological contexts.
Materials and Methods
The research presented here draws on doctoral fieldwork carried out on the Middle Madeira River between September 2006 and March 2008 [47] . The initial stage of research was ethnographic, using the qualitative methods of participant observation and open-ended interviews. During this stage it emerged that locals divide bitter manioc landraces into two categories, "strong" and "weak" according to the suitability of particular sets of genetic traits to cultivation in different ecological contexts. This is described in detail in section three. The second stage of research was quantitative, using novel methods derived from ethnography. The remainder of this section outlines how locations and individuals were selected, and the methods through which agricultural systems were quantified. The results of the quantitative study are presented in section four.
Quantitative Methods
In order to measure the distribution of different landraces in different soil types, it was necessary to calculate the proportion of each field occupied by each landrace. Farmers normally recalled the relative proportions of the landraces present in a field in terms of the numbers of bundles of each landrace that they had planted there. From these figures, proportions of each landrace in a total field were calculated. For example, if a farmer said he had planted 2 bundles of Jabuti, 4 of Aruari, 1 of Tartaruga and 1 of Arroz in his field, the landrace areas would be 0.25 Jabuti, 0.5 Aruari, 0.125 Tartaruga and 0.125 Arroz (total = 1). In order to account for different field sizes, the landrace areas in each field were then multiplied by the size of the field in fractions of a hectare. Fields range from 0.25 hectares up to 2 hectares. The sum of the areas for each landrace in each soil type was then divided by the total area of fields in that soil type, to give the Landrace Coverage Index for that type of soil. Hence,
where lc is landrace coverage, l is the proportion of a field occupied by landrace x, fsi is field size and tfa is total field area (the sum of the area of all the fields in a particular soil type).
On the middle Madeira River, local farmers categorise bitter manioc landraces in terms of their being stronger or weaker in relation to one another (see Section 3). In order to quantify this, farmers were asked to rank the landraces they plant starting with the weakest and ending with the strongest. Their answers were placed along an ordinal scale (from 1, the weakest, up to the strongest). The mean of all of the scores for a landrace was then used as an overall Landrace Strength Index for that landrace. Farmers were asked to give the approximate size of each field in fractions of a hectare, and the age of the fallow that it had been cleared from. Data on seasonality was collected during the final stages of research and it was therefore not possible to include the entire sample. Data on yields were collected only from farmers who had recorded how many sacks of manioc flour a particular field had yielded (n = 34).
Selection of Locations and Individuals
Quantitative data was collected in six localities, four in the terra firme, and two in the floodplain ( Figure 1 , Table 1 ). The terra firme localities were selected from the twenty or so communities visited in the initial period of research. The four localities, (1) Barro Alto, (2) Barriera do Capanã and Boa Vista, (3) Monte Sião, Monte Orebe and Água Azul, and (4) Vista Alegre, were selected because they had the most bitter manioc being planted in ADE, and therefore provided the best locations in which to compare cultivation in different kinds of soil. At these localities, all farmers with bitter manioc fields in ADE were interviewed, along with equivalent numbers of other farmers planting bitter manioc in Oxisols and Ultisols, including those who had fields in more than one kind of soil. Ideally, floodplain farmers resident in the same communities as terra firme farmers would have been selected for comparison. This was not possible, because (at least in all the 24 communities visited) most farmers resident in communities located on terra firme bluffs invariably plant bitter manioc on terra firme soils, generally preferring to plant other crops in the floodplain if they have access to it. Two floodplain localities, each spanning several communities, were selected for fieldwork. The first, known as the Água Azul floodplain, incorporates the communities of Paú Quemado (6 individuals) and Fortaleza (11 individuals), directly in front of Barreira do Capanã and Boa Vista, and those few members of the terra firme communities Água Azul, Monte Orebe and Monte Sião (7 individuals) who plant in the floodplain. The second locality is formed from members of three neighbouring communities (Verdum, Amparo and Delicia) located on the high floodplain downstream from Manicoré which lies between lake Genipapo, and the Madeira River main channel, opposite the mouth of the River Atininga ( Figure 1 , Table 1 ). These communities were selected because they are among the longest established and most well populated floodplain areas of the municipality of Manicoré. In the floodplain communities, all farmers who had fields and were present at the time of the research were interviewed. 
Strong and Weak Bitter Manioc
Caboclo farmers on the middle Madeira use the terms "weak" (fraca) and "strong" (forte) to distinguish low starch fast maturing landraces from high starch slow maturing landraces. These terms essentially refer to the suitability of two opposing loci of genetic traits for cultivation in different ecological contexts. They express the rate of maturation and the suitability to different soils and different fallow ages associated with different bitter manioc landraces. Weak landraces often have a directly traceable origin in the floodplain and are fast maturing, harvestable as little as five months after planting, but they tend to have a higher water content that results in less starch production. They are also more likely to rot, or not soften in water if left in the ground for longer than a certain period of time. The characteristics exhibited by weak landraces strongly suggest a floodplain origin (fast maturing, fast seeding, but not long lasting in the ground), as these are traits that serve well in the floodplain. It is possible that having come from the floodplain these landraces are more capable of taking advantage of the greater nutrient levels in ADE. These landraces are also associated with short fallowing and short cropping cultivation. They are said to be more suited to intensive cultivation in more fertile soils (ADE/floodplain). By contrast, strong landraces are slow maturing, but produce more starch and less water, and therefore yield greater amounts of manioc flour when processed. Strong landraces resist rotting for longer periods and are the most durable in the land (lasting up to four years in some cases). They are said to be better suited to longer cropping cycles, long fallow cultivation in less fertile soils (Oxisols/Ultisols). Rather than a landrace being either weak or strong, farmers describe each landrace as being weaker or stronger than other landraces (Table 2) .
On the terra firme, bitter manioc landraces and their degree of strength or weakness are not associated just with different soil types, but with short fallow or long fallow cultivation in those soil types. Farmers often stated that weak manioc is suited to "weak soils", and strong manioc is suited to "strong soils". The strength of a soil is determined by the age of fallow growing on it. Therefore, weak manioc is said to be best suited to cultivation in areas cut from young fallow. It is only normally cultivated in areas cut from young fallows on ADE, because young fallows in other soils do not yield well. Still, if young fallow is cleared on Oxisols and Ultisols, farmers claim that it is best to plant weak manioc. Strong varieties are said to be best suited to planting in fields cleared from old fallow or primary forest, which are indicators of "strong land".
Farmers in the floodplain also used the terms weak and strong to describe the landraces they plant there. This is interesting because the literature tends to assume that all floodplain landraces are necessarily low starch fast maturing [80] . This research found however that there are a number of floodplain landraces that are considered "strong" or high starch slow maturing. These do not appear to have come from the terra firme, but are said to come from the floodplain itself. Local farmers divide the floodplain into three zones, the main channel, or vazante, the high floodplain, or restinga, and the lake backswamp area, or cacaia. Weak manioc is said to be better suited to lower areas of the cacaia and in the vazante. Farmers tended to plant the weakest landraces closest to the main channel or lake (which are both the most humid and first places to flood). They said that they did this for two reasons. The first was that the area closest to the water would flood first and therefore needs to be harvested first, hence they planted the fastest maturing landraces. Secondly, these fast maturing landraces were said to be most able to resist the greater humidity of these soils. These lower areas of the floodplain are of higher fertility because they receive a wash of nutrients in the yearly flood. People said that strong manioc is best planted "em cima da terra" (at the top of the land), in the restinga and in the higher ground of the cacaia and vazante. These areas may only flood every 5-10 years, and so can be planted with slower maturing manioc.
It would appear therefore that in the floodplain, strong and weak manioc, rather than being associated with different soil types and fallow ages as they are on the terra firme, are instead seen as being best suited to different floodplain zones, and associated differences in flood-regime and soil fertility. The fact that the lower soils are generally more fertile as they receive a wash of nutrients from floodwater, and that these are the ones where weak manioc are seen to be more suitable, provides an interesting parallel with their association with ADE on the terra firme. Likewise, the association of strong landraces in the floodplain with the less fertile high ground provides an interesting parallel with the perceived suitability of strong landraces to cultivation in soils of lower fertility with longer fallows on the terra firme. A key similarity between the floodplain and terra firme is the perception that weak and strong landraces are suited to different agro-ecological contexts. The key difference is the flood regime, and the selective pressure it must exert for fast maturing landraces and the ability to resist waterlogging. Farmers recognise traits in floodplain bitter manioc landraces that would appear to be unique adaptations to this environment. The tuberous roots of certain landraces, it is said, can remain underwater for several days without rotting in times of flooding. Interestingly, some farmers said weak manioc is more able to resist waterlogging because the root itself is more humid. 
The Diversity of Bitter Manioc Cultivation Systems on the Middle Madeira
This section presents and analyses quantitative data in order to determine whether there are divergent bitter manioc cultivation systems in different ecological contexts.
Smaller Fields, Higher Yields
The more productive nature of bitter manioc cultivation in more fertile soils is demonstrated by the comparison of field sizes and yields in ADE and the floodplain with those in Oxisols and Ultisols. There were significant differences between the field sizes in different soil types (Table 3) . Mean field sizes in Oxisols and Ultisols are closer to a hectare, while those in the floodplain and ADE are closer to half a hectare in size. According to farmers, one reason for the smaller field size in more fertile kinds of soil is higher yields and greater weed pressure. Another reason could be that villages tend to be located near good soils and that local population density and land scarcity is higher in areas with fertile soils. Median yields are the same on ADE and in the floodplain, higher than those recorded on Oxisols and Ultisols (Table 4 ). In terms of caloric production, bitter manioc cultivation in ADE and the floodplain can theoretically support larger populations on smaller areas of land. Higher productivity may also contribute to smaller field sizes, because more tubers can be produced on smaller areas of land. However, smaller fields may be related to the fact that ADE and the floodplain are limited in extension compared to Oxisols and Ultisols, which are essentially unlimited. While those farmers included in the yield estimates said they had kept a count of the number of sacks of manic flour harvested, these figures should be treated with caution, and certainly do not prove anything. What they do show is that bitter manioc planted in ADE does not yield less than other soil types as other commentators have claimed [74, 76] . On the contrary, yields are probably better ( Figure  2) . What is clear is that these soils can give impressive yields under short fallow cultivation, which is impossible on Oxisols and Ultisols. 
Diversity of Bitter Manioc Landraces in Different Ecological Contexts
Farmers cultivating Oxisols have the greatest preference for the stronger landraces Jabuti, Arroz and Roxinha-RM (Table 5, Figure 3-A) . The prevalence of strong manioc is related to the fact that farmers believe that strong landraces perform better in these soils. There is significantly greater landrace coverage (lc) of these three landraces in Oxisols when compared to ADE (Figure 4-BCD) . Farmers planting in Ultisols also plant more of the stronger landraces Jabuti and Roxinha-RM (Table  5 , Figure 3-B) . There is a significantly greater lc of the strong landrace Jabuti in Ultisols when compared to ADE (Figure 4-B) . But the presence of Tartaruga in large quantities in Ultisol fields means that landrace assemblages in Ultisols do not contain as much strong manioc as Oxisols. This can be explained in part by the fact that some 25 (nearly half) of the 55 Ultisol fields are from the community Barro Alto, where the Ultisols lie close behind the community, and population pressure has led to more intensive cultivation on these soils than on the more distant Oxisols [81] . On non-anthropogenic soils of the terra firme, farmers will plant more weak bitter manioc if fallow vegetation is still young, as they believe that when soil is weak, weak manioc yields better than strong manioc. More Ultisol fields in the study are located in younger fallow than fields on Oxisols (Table 6, Figure 5 ). This is an effect of the population pressure at Barro Alto, rather than a general tendency for farmers to clear younger fallow on Ultisols, which was not observed.
In ADE fields the landrace Tartargua is most predominant. It is considered to be weak by farmers, and most probably originates in the floodplain (Table 5, Figure 3-C) . The mean lc of Tartargua is significantly greater in ADE than in any other type of soil (Figure 4-A) . Local people at all locations recognized this landrace as being most suited to ADE. They also claim that other floodplain landraces, such as Pirarucu Branco, Pirarucu Amerelo, Glaí and Roxinha Branca yield well in ADE, and this is apparent in their greater presence in ADE than in Oxisols or Ultisols (Table 5 , Figure 3-ABC) . Conversely, the stronger landraces Jabuti, Arroz and Roxinha-RM, that are most predominant in Oxisols and Ultisols have a significantly lower mean lc in ADE when compared to Oxisols, although when ADE is compared to Ultisols only Jabuti has a significantly lower mean lc (Figure 4-BCD) . This is reflected in the frequent statement that strong manioc does not yield well in ADE. In fact, various individuals said that when landraces are planted in the wrong kind of soil, they tend to produce stems and leaves at the expense of tuberous roots. This would suggest that the reason that some researchers found that manioc does not yield well in ADE or the floodplain is related to the planting of landraces that are unsuitable to certain agro-ecological contexts, rather than any real "ecological limitation". The floodplain has its own set of landraces, most of which were absent from the terra firme, but those that were present, as noted above, were most predominant in ADE (Figure 3 -CD, Table 5 ). The most predominant landrace in the floodplain was also Tartaruga, the same as in ADE. Farmers in the floodplain consider the most popular landraces to be weak, as with farmers cultivating ADE ( Table 5 , Figure 3-D) .
Overall there is a clear tendency for the most predominant landraces to be strong in Oxisols and Ultisols and to be weak in ADE and floodplain soils (Figure 3 ). This shows that farmers have been selecting for certain traits that they have found to be adaptive in different ecological contexts. The fact that their local knowledge of the suitability of certain traits to planting in different ecological contexts is expressed through a local theory of strength and weakness means that it is likely that these processes of selection have been developed over several generations. The presence of such selective trajectories supports the notion that bitter manioc cultivation has been adapted to the affordances of both fertile and infertile soils in the Central Amazon. 
Fallow Periods and Seasonality in Different Ecological Contexts
There were significant differences in the ages of fallow cleared for fields in all of the four different types of soil (Table 6, Figure 5 ). Interestingly, this order of intensity of farming in terms of fallow lengths corresponds with the predominance of weak (fast maturing) and strong (slow maturing) bitter manioc varieties in the different soil types. The soil type with greatest proportion of weak manioc, is also the soil type with the lowest mean fallow age: the floodplain. This pattern continues, with proportions of weak manioc decreasing as fallow lengths increase. ADE is the most similar to the floodplain, with shorter fallows and more weak landraces than the other terra firme soil types. While the mean age of vegetation cleared is significantly different when every possible ANOVA comparison is made, the ADE-floodplain comparison was of weaker significance ( Figure 5 ). Ultisol fields exhibit longer fallows and more strong landraces than ADE, and finally Oxisols feature the longest fallows and greatest proportions of strong manioc. This shows that the prevalence of fast maturing or slow maturing landraces correlates with fallow ages as well as soil fertility, which provides more evidence for differentially adapted cultivation systems in the different soil types. The predominance of strong bitter manioc on Oxisols is also related to the fact that more old fallow/mature forest being cleared is located on these soils (Table 6, Figure 5 ). There is a widespread perception that strong manioc is best suited to old fallow or mature forest, as old fallow is an indicator of land which is strong because it has not been cultivated recently, i.e., it has had more time to recover its strength during the fallow. ADE fields tend to be located in younger fallow, and interviews with farmers indicate that manioc is harvested earlier on ADE, beginning as little as five to six months after planting. Fast maturing, 'weak'
landraces would appear to better fit short-fallow cultivation, because their quicker maturation corresponds with shorter fallowing. Swidden cultivation practiced in ADE and in the floodplain is characterised by a predominance of weak landraces that are faster maturing, and so fit an intensive (smaller fields, shorter fallowing, shorter cropping periods) scenario. German also observed more intensive swidden cultivation on ADE on the lower Negro river [74: p. 326 ]. In at least five aspects ADE and floodplain cultivation display considerable similarity: (i) a predominance of landraces that are considered weak, some of which are the same, (ii) shorter-cropping periods, (iii) shorter fallows, (iv) higher yields, and (v) smaller fields. This is significant because it shows similar adaptations in bitter manioc cultivation in the two fertile soils. Conversely, long fallow shifting cultivation in Oxisols and Ultisols is characterised by a predominance of strong landraces that are slower maturing, and so fit into a more extensive longer cropping, long fallow scenario. The months of planting vary among the different soil types ( Figure 6 ). Most Oxisol and Ultisol fields are planted in September and October. This is typical of long-fallow shifting cultivation, where fields are cut in June, after the rains end, then left for a few months to dry, to allow for a hot burn. Oxisol and Ultisol fields need to be located in older fallow, because these soils are nutrient poor and are therefore more dependent on the burn to provide a nutrient flush. ADE fields are planted nearly throughout the year, with a three month break at the end of the year, which is precisely when most of the Oxisol and Ultisol fields are planted. Seasonal constraints are effectively removed by the fertility of ADE, owing to of the higher fertility of these soils they are not so dependent on the burn to provide a nutrient flush. This is something that German noted on the lower Negro River [72] . Fields can be planted all year round on ADE because young fallow can be cleared and burnt during a couple of rain free days. Some farmers explained how they capitalized on this, by planting manioc in January and February in order to harvest from July onwards. They do this to take advantage of the higher prices for manioc flour because of the seasonally lower production during this period precisely because much of the bitter manioc planted in Oxisols and Ultisols has been harvested by this point. Fields in the floodplain tended to be planted from May to August, as this is when the rainy-season ends and the water level is descending ( Figure 6 ). 
Conclusion: Are Ecological Limitations on Bitter Manioc Cultivation Real or Imagined?
Bitter manioc cultivation in fertile soils (floodplain and ADE) by Caboclos along the Middle Madeira River tends to be characterised by intensive short-cycled swidden-fallow systems with smaller fields (around 0.5 ha), shorter fallows (0-6 years), and a predominance of what locals refer to as "weak" landraces (low starch fast maturing, harvested 5-12 months after planting). The genetic traits of weak landraces make them well adapted to swidden cultivation in richer landscapes: they are fast maturing and yield well in fertile soils, though they exhibit lower starch content. Bitter manioc cultivation in infertile soils (Oxisols and Ultisols) along the middle Madeira River is characterised by more extensive long-cycled swidden-fallow systems with larger fields (around 1 ha), longer fallows (over 10 years) and a predominance of what locals refer to as "strong" landraces (high starch, slow maturing, harvested 1-3 years after planting). The genetic traits of strong landraces similarly make them well adapted to long fallow shifting cultivation. They are slow maturing with a high starch content and yield well in the highly leached acid soils of low fertility that are typical of the terra firme in the lowland Neotropics.
On the middle Madeira River the adaptation of manioc cultivation systems to different ecological contexts is also reflected in the local theory of strong and weak manioc, which essentially refers to the suitability of certain genetic characteristics to particular ecological scenarios (soil fertility, fallow ages, flood regime). Farmers noted that when strong manioc is planted in ADE, it may over-produce stems and leaves at the expense of tuberous roots. This local knowledge shows that any poor performance of bitter manioc on fertile soils may be the result of planting the wrong landraces, rather than any inherent ecological limitation.
The bitter manioc cultivation systems described in this article are the outcome of the agency and creativity of Amazonian peoples in relation to the affordances of different soil types and the historical ecology of landscapes in which they are situated. The diversity of these bitter manioc cultivation systems (landraces, fallow periods, soils) supports the hypothesis that, far from being constrained by them, local farmers have adapted bitter manioc cultivation to the affordances of different ecological contexts. This diversity in bitter manioc cultivation exists both at genetic (the variety and variability of landraces) and systemic (e.g., fallow lengths, cropping periods and associated knowledge and practice) levels.
The importance of bitter manioc to Caboclo subsistence is the driving force behind the emergence of these different manioc cultivation systems in different soil types, including ADE, and the knowledge associated with them. The presence of productive and intensive (faster maturing landraces, shorter fallows, shorter cropping periods) bitter manioc cultivation on ADE and floodplain soils along the middle Madeira River demonstrates that the cultivation of bitter manioc on these soils would have been possible in the pre-Columbian period. The findings presented here have implications for theoretical models of social development in the Amazonia. They undermine Roosevelt's claim that sustained yield intensive cultivation of major Amazonian tropical forest soils is not possible with aboriginal methods. The ADE and floodplain cultivation observed on the middle Madeira River is analogous to Denevan's model of simultaneous terra-firme/floodplain cultivation. This would support the notion that large and sedentary chiefdoms could have been supported by bitter manioc cultivation in ADE and floodplain soils in the late pre-Columbian period [65] [66] [67] [68] .
